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The purpose of thls work plan is to provide a framework for conducting soil erosion and 
surface water sediment transport modeling for the Rocky Flats Environmental 
Technology Site (Site) in support of actimde transport modeling for the Actinide 
Migration Studies (AMs) The AMs is investigating the mobility of plutomum (Pu), 
amencium (Am), and urmum (U) m the Site envuonment The goal of the AMS is to 
include the followng, m the order of urgency 

Urgent Determine the important Pu and Am nugration sources and migration 
processes that account for recent surface water quality standard exceedances 
Near Term Determme the lmpacts of actimde migration on planned remedial 
actions To what level do sources need to be cleaned up to protect surface waters 
fiom exceedmg action levels for actmdes? 
Long Term Estimate how wd1 actmde nugration affect surface water quality and 
compliance after Site closure D e t e m e  if soil Action Levels wl l  be sufficiently 
protective of surface water over the long term 
Long Term Eamate long term off-site actimde migration, and its impact on 
downstream areas (e g accumulabon) 

These quesbons wll  be answered by determmng what factors significantly affect 
actnude transport in media of concern, and mathematical modelmg of those actimde 
transport processes identified as important contnbutors to actimdes migration in the Site 
environment Current information suggests that actmde transport in sedunents by 
overland flow (soil erosion), and in channeled surface water, is an important transport 
mechmsm contnbutmg to potentd exceedances of surface water standards in both the 
short- and long term The most efficient method for assessing contnbutions of soils and 
sedunents to surface water loads of actmdes is through the use of models The current 
work is l u t e d  to consideration of transport m and by water, wind transport w11 be 
considered dmng FY99 

The Water Erosion Prediction Project (WEPP) Hillslope Profile and Watershed Model 
wll  be used to estmate the quantities of sediments transported to, and by, surface water 
via environmental pathways, including 

0 

0 Surface Water Flow (Channeled) 
Runoff / Diffuse Overland Flow, and 

The WEPP Model wl l  be used to estimate sediment loading to channels wthm the 
WaInut and Woman Creek Watersheds, and may be sufficient to estimate the downstream 
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movement of sediments wthin the channels If it is determmed that the WEPP Model 
channel flow component does not have the necessary degree of resolution, the sediment 
loadmg results wll  be coupled with a yet to be determmed surface water transport model 
(e g OTIS/OTEC) to estimate sediment movement within the watershed channels The 
amounts of Pu and Am associated wth the sediments w11 be estunated based on data 
defimng spatial distnbution and detailing actirude associations wth soil particle sizes and 
phases The results wll be used to estimate the effects on surface water quality for the 
present Site configuration and for selected potential future configurations in order to 
address the four goals stated above Estunates of erosion and sediment movement wthm 
the watersheds wll  be made for penods of up to 1,000 years 

The Model 

The WEPP Watershed Erosion Model , developed by the Unrted States Department of 
Agnculture (USDA) and the United States Department of the Intenor and other 
cooperators, is a new generation of process-onented, computer implemented erosion 
prediction technology, based on modem hydrologic and erosion science The WEPP 
model is a continuous simulation computer program whch predicts, (1) soil loss and 
sediment deposition from overland flow on hllslopes, (2) soil loss and deposition from 
concentrated flow in small channels, and (3) sedment deposition in mpoundments The 
model includes a stochastic weather generator (CLIGEN) to provide daly weather 
information usmg local meteorological data, a wnter processes component, a hydrology 
component based on a modified Green-Ampt infiltration equahon and solutions of the 
lunematic wave equations to estimate runoff, a dmly water balance component, and a 
plant growth and residue decomposition component The model computes spahal and 
temporal dlstnbutions of soil loss and deposition It estmates when and where on a 
hdlslope or watershed channel the erosion and deposition are occumng The channel 
component of the model is designed to eamate flow and sedment transport for 
ephem-eraI flow dmnages with areas up to about 60 km2 

Study Area 

Three dramage basms collect surface water at WETS (Figure 1) The basins are h n e d  
by natural, intemttent ephemeral, and peremal streams that generally flow from west to 
east The northwest portion of the Site is dramed by Rock Creek, whch flows mto Coal 
Creek east of the Site Ths drainage is not considered to have been affected by site 
activities and wll  not be included in this study Walnut Creek drams the northeast 
quadrant of the Site, and Woman Creek collects water from the southern portion of the 
buffer zone The study area includes these two watersheds, whch are descnbed below 

The on-site portion of the Woman Creek Watershed is approxrmately 3 1 square miles 
(2,000 acres) Woman Creek is formed by two branches to the west, known as the 
northwest and southwest branches These branches converge to the west of the Onginal 
Landfill There are two detention ponds in the Woman Creek dmnage (1) Pond C- 1 
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whch is located wthin the stream channel and is presently configured for continuous 
flow-through, (2) Pond C-2 which is off channel and used to collect runoff fiom the south 
side of the Industnal Area (IA), the 88 1 Hillside, and the 903 Pad Lip Area via the South 
Interceptor Ditch (SID) Pond C-2 is batch discharged to Woman Creek In the past, the 
majonty of water from Woman Creek was diverted into Mower Ditch The diversion is 
currently shutoff and water flows in the natural channel off-site to the Woman Creek 
Reservolr 

The Walnut Creek Watershed is about 3 7 square miles (2,300 acres) in area (Figure 1) 
The watershed is comprised of two peremal streams South Walnut Creek and North 
Walnut Creek, and ephemeral to mtemuttent features known as No Name Gulch and the 
McKay Bypass Canal 

South Walnut Creek receives runoff fiom the IA, including the Central Avenue Ditch and 
the 903 Pad Area The natural channel has been greatly changed by construction in the 
IA and the B-Senes Detention Ponds (Figure 1) Ponds B-1 and B-2 are normally off- 
line, but mutamed at a level to keep sediments wet and for IA spill control Water in 
Pond B-3 is batch discharged to B-4 then flows through to B-5 whch is currently pumped 
to Pond A-4 in North Walnut Creek A gate valve and stand pipe are being install m 
Pond B-5 that w11 allow direct batch releases m the near fitwe 

Water in the upper reaches of North Walnut Creek, to the northwest of the IA, is diverted 
to the McKay Bypass, flowing to the north of the Current Landfill and eventually re- 
entemg the Walnut Creek dramage downstream of No Name Gulch Water dramng 
fiom the north side of the IA, enters North Walnut Creek, and is diverted by pipelme 
around Ponds A- 1 and A-2 into A-3 Ponds A- 1 and A-2 are used for spill control and do 
not discharge into the dmnage Pond A-3 is batch released to Pond A-4, whch is batch 
discharged into the North Walnut Creek channel 

The Current Landfill and the Landfill Pond are situated in the headwaters of No Name 
Gulch The Landfill Pond does not discharge into the gulch Flows in No Name Gulch 
result pnmmly from runoff from surrounding hllsides 

The study area includes all areas b e d  by the Woman and Walnut Creek Watersheds 
The areas dramed by each watershed w11 be split mto sub-basms (hdlsides) for modeling, 
based on topography and resultant dramage patterns, using Geographcal Information 
Systems (GIS) watershed defimtion techniques The smaller-scale SID dramage 
(contamed m the Woman Creek Watershed) wll  be used for imtial calibration of the 
model Modeling efforts will then move to Walnut Creek to provide informahon to 
address recent exceedances of surface water standards and answer the urgent question as 
stated in the Purpose Section The Woman Creek Watershed wlll then be modeled, 
including the SID This will provide information to guide the selection of cleanup levels 
for the 903 Pad Area The study area is limited to the Site property, but estimates of 
actimde loading to off-site watershed reaches wll  be made 111 order to assess potential 
downstream impacts 

DRAFT - 02/16/98 5 



Data Needs 

Input data files necessary to run the WEPP Watershed Model are divided into two 
categones 1) files requued for runrung the hrllslope component, 2) files required to run 
the watershed simulahon component 

The hillslope component requires four mput data file, with a fifth optional 1) a climate 
file, 2) a slope file, 3) a soil file, 4) a pladmanagement file, and 5) an optional run file, 
contamng answers to model interactive questions The watershed simulation component 
requires a m m u m  of seven files 1) a hlllslope mfonnahon pass file (created by model 
program), 2) a structure file that contam donnation on the watershed configuration 
(created by model program), 3) a channel slope file wth information on the channel 
charactenstics, 4) a channel soil file, 5) a channel management file, 6) a channel clunate 
file (identical to the hillslope climate file), 7) a watershed channel file ( d u d e s  
information necessary for hydraulic routmg), and 8) an impoundment file (optional) 

Model input data requlrements, avalabihty, and sources are summanzed ~n Table 1 
Radian Corporation wll provide Site meteorological data in the format requued by the 
model PTI Envlronmental Services wdl compile the necessary Site specific vegetation 
and cover data for the watersheds An extensive soil sampllng program has been 
undertaken by RMRS Environmental Remediation Division for charactenzation of areas 
of the Walnut and Woman Creek Watersheds wth little or no Pu and Am data 
(Investigation of Surface Soil Actinide Content in the Walnut Creek and Woman Creek 
Watershe& at the Rocky Flats Environmental Technology Site, Sampling and Analysis 
Plan, February, 1998) RMRS w11 gather and provide soil, watershed codigurahon, and 
actimde data, and provide GIs services to facilitate the development of the model and 
presentation of the results 

Data Sources and Description 

Data for h s  modelmg effort wdl come f?om the followmg Site programs 

Meteorology Clunatological Data, 
Ecology Vegetation and Cover Data, 
Surface Water Precipitation, Surface Water FlowDischarge, Total Suspended 
Solids, and Actimde Activity Data, 
GIS Integration of Topographic, Vegetation, Soils, and Watershed Dmnage Data, 
Past Operable Unit Characterizations and RVRFI Reports Soils and Actimde 
Distnbution Data, and 
Special Projects/Studies Particle Size Association of Actirudes (in progress) 
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Table 1. WEPP model data input requirements. 

Input File 

Climate File 
(Hillslope and 
Watershed 
Components) 

Slope File 

Data Needs Source 

Meteorology Data, W E T S  Records, 
Precipitation, Wind, Supplemented With 
Temperature, Dew Nearby Station 
Point Data, Meteorology 

Services 

Overland Flow WETS Data 
Elements1 (OFE), AMs Modeling 
Hillside Length, Team, GIS Services 
Width, Slope 

Soil File (One For 
Each OFE and 
Channel) 

Watershed Structure 
File 

Plant/Management 
File (one for each 
OFE and Channel) 

Describes Watershed AMs Modeling 
Configuration Team, GIS Services 

~ Soil Type, Texture, 
1 Porosity, Conductivity, 
I OM, CEC, Albedo, 
I Number and Depth of 

Soil Layers 

Impoundment File 

Plant Types, 
Characteristics, 
Growth Parameters, 
Management Practices 

Characteristics of Observations by 
Impoundment and AMS Modeling Team 
Outlets and RMRS Surface 

Water Group 

WETS Data, AMs 
Modeling Team, GIS 
Services 

WETS Data, AMs 
Modelmg Team, 
Ecology Support 

Watershed Channel 
File 

Characteristics of 
Channel, Shape, 

Observations by 
AMs Modeling 

Hydraulic Parameters 
Depth, Erodability, I 

Availability ’ I 

Available 

To be Calculated 
by GIS Services 

Available 

Available 

Available 

Field Observations 
(See Drainage Master 
Plan) 

Field Observations 
(Pond bathimetry 
available) 

1 Overland Flow Elements are regions of homogeneous soils, cropping, and management on a 
hillslope Each hillslope may have as many as ten OFEs 
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Model Objectives 

The erosion modeling effort has multiple objectives directly related to the four AMs 
goals 

Provide dormation for determimng if diffise, low level sources of Am and Pu in the 
Walnut Creek Watershed have contnbuted to recent exceedances of the 0 15 p i c k  
surface water standard, 
Eshmate the long-term movement of Am and Pu in surface waters ongmating in the 
Walnut Creek and Woman Creek Watersheds, and to what extent Iffuse, low-level 
sources may contnbute to potential future exceedances of the 0 15 p C f i  surface 
water standards, 
Provide dormation to a d  in the deternunation of cleanup levels for the 903 Pad Area 
that w11 be protective of surface water by estunatmg short and long-term actmde 
loadmg to the Woman Creek Dmnage from the 903 Hillside Area, and 
Investigate the effects of potential changes in site configuration and long-term climate 
patterns on the movement of actinides associated wth sedunents to surface waters 
and potenbal transport off-site 

Model Output 

The output of the WEPP model includes generated weather patterns for selected time 
spans, estunates of runoff volumes and erosioddeposihon for 100 pouts per hllslope, 
sediment delivery to &ages, includmg parhcle size breakdown, orgmc mater, and 
surface area emchment, and the volume of channel flow and sedunent movement out of 
the watershed 

The output of the model IS in a report format Programs wll  be wntten to stnp out the 
data and place it in a erosiodsediment database The dormahon m the database wl l  
then be used for reportmg, statistical apphcahons, and GIs mmpulations for wsual 
presentahon of the results The model output will be combmed wth  existmg Pu and Am 
surface soil data and the results of the current watershed soil samplmg effort The data 
collected wl l  also mclude the association of Pu and A m  wth particle sizes in the surface 
soils that can be related to particle size estimates for sediments from the model 

Calibration of Model Output 

Model output wil be calibrated wth existing surface water data The irutial study area 
will be the SID dramage The SID was chosen because it is a relatively simpler system 
than the Walnut Creek or Woman Creek Watersheds Histoncal precipitation events will 
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be chosen for whch reliable surface water monitonng data exlsts Estimated sediment 
transport from the WEPP model wll  be compared to the empmcal data Refinements to 
the model inputs w11 be made based on the results of the companson Uncertamty w l l  
be estunated by companng the estunated and empmcal data. The sediment data wl l  then 
be coupled wth Pu and Am activity-concentrations on the hlllslopes to estimate amounts 
associated wth the transported sedunents The ra&ological error terms w11 be 
incorporated into overall uncertainty estunates Results w11 be compared to actual 
surface water Pu and Am data The estimation techmque will be refined as necessary to 
reflect the empincal data It is envisioned that thls w11 be an iterative process and may 
take considerable effort to relate Pu and Am activity-concentraQons on particular areas of 
a lullside to sedunents leaving the bottom of the lullslope The method used by the 
model to report erosion and deposition down the length of the htllslope should enable this 
process 

Sensitivity Analysis 

A sensitivity analysis has previously been performed for some WEPP model input 
parameters (Neanng et al , USDA- Water Erosion Prediction Project Hillslope Profile 
Model Documentatzon, NSERL Report no 2, USDA-ARS National Soil Erosion 
Prediction Laboratory, August 1989) Data uncertamties wll be compared to known 
model sensitwibes to establish confidence estimates for modeling output 

If it is d e t e m e d  to be necessary, a sensitivity parameter, S, will be calculated for 
chosen model mputs usmg the followng equation 

S =  

where I, and I, are the least and greatest values of input use, respectively, I if is the 
average of I, and I,, 0, and 0, are the associated outputs for the two input values, and 
0 if is the average of the two outputs S represents the relatwe normalized change in 
output, and provides a valid means of companng sensitivities for parameters that have 
different orders of magmtude 

Schedule 

The schedule for the Watershed Modeling Project for FY98 is shown in Figure 2 The 
model wll  be calibrated on the SID drainage due to the relatively slmple configuration 
The Walnut Creek Watershed will be modeled next in order to address the urgent 
question of the source of surface water exceedances in this drainage It is anticipated that 
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h s  phase of the modelmg effort w11 be completed in July, 1998 A progress report w l l  
be produced for th~s phase, reviewed and finallzed by September 30, 1998 The 
remmnder of the watershed modeling wll be completed in FY99, including the Woman 
Creek dramage and long-term modeling incorporatmg vmous future Site configuration 
scenanos A final report whch will mclude all modeling results wll be delivered by the 
end of FY99 

Delivera bles 

Results of the FY98 modeling and analysis wll  be imt~ally presented in a progress report 
at the end of FY98 A final report for both FY98 and FY99 results for each watershed 
w11 be published at the end of FY99 The final report wll  discuss the models used, data 
sources, modeling methodology, calibratlon results, modeling results, model sensitivities, 
data uncertamties and confidence, and implications for remediation goals, short and long- 
term surface water quality, and off-site transport of actrrudes 
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